IBEAM CE)LUMNS ((Combmed moment and axnal load))

Occurrence of combmed Ioadmg

Roof truss-top chord members sub]ect
¥ to bending from purlin loads and

| compressmn due to overall bendlng

Slmple framlng columns subJect to
bending from eccentric: beam reactions
and compressmn due to graVIty

'3' Ioadlng - -

——

Portal frame - rafters and colimns
~Subject to bendlng and compressmn
due to frame action S

————————————— " | \3
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BEAM COLUMNS ((Combmed moment and axral load))
Types: of response — mteractlon

The behaviour of a member under bendlng and aX|aI force
results from the lnteractlan between mstablllty and:-
Y plasticity and is lnﬂuenced by geometrlcal and materlal
imperfections.
Consider a class 1 or class:2 H sectlon column as shown in the
Flgure The behaviour depends on the column Iength how the

moments are applied and the lateral support, if any, provided.
’---The behawour can be cIaSS|fed into the followmg five cases

~/Bendi ng— tension

_

Axial load—compression

Bending—compression

™,

et



BEAM COLUMNS ((Combined moment and aXIaI load))
Types of response — interaction: -

Case 1. A short column-subjected to: axial Ioad and un|aX|aI |
bendlng about either -axis or bIaXIaI bending. Fallure generally -
occurs when the plastlc capaC|ty of the section |s reached. '

| Case 2: A slender column subjected

o axial load and uniaxial bending . E |

about the major axis y~y. If the
column is supported laterally against ~ Plastic hinge 2

may form’ -

buckling about the minor axis z=z out JUCSISIE §

L-of the plane of bending, the' column N
fails by buckllng about the y—y Lateral —s
axis., N Restramts
This‘is not a common case (see Flgure)
Atdow axial loads or if the column is not~
very slender, a-plastic hinge forms at<

| the end or pOiht of maximum moment. ' %’
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BEAM COLUMNS ((Combined moment and axnal load))
Types of response — lnteractlon 3 A

Case 3 A slender column
-f-subJected to axial load and:-

{ uniaxial bending about

the minor axis z—z.
The column does not require Iateral
support and there is no. buckllng out of
the plane of bending.~ --

“The column fails by buckllng about

| the z—z axis. At very low axial loads,
it will reach the: bendlng capaC|ty for zZ—
zaX|s (see Flgure) -

| J S > .’ Ney+ Mz,Ed_(nQ_.l;égtraint)

——Di-Ghayath.Hallak



BEAM COLUMNS ((Combmed moment and axral load))

Types of response — mteractlon'

Case 4. A slender column
subjected to axial'load and.<
1 uniaxial bendmgabout the =
' major axis y—y. This time the

column-has no lateral sup”rt The &

column fails due to a
combmatlon of column v
---*bucklmg about the y—an|s

1 -and lateral torSionaI bucklmg

where the column section twists as-

well as deﬂectlng in‘the y— yand z-
Z planes (see Flgure)
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BEAM COLUMNS ((Combmed moment and axral load))

Types of response — m‘teractlon'

Case 5: A slender column

sub]ect to axial Iaad and blaXIaI
}-bending. The column has no fateral |
- support:Fhe failure is the same as

in Case: 4 earlier, but minor_axis
buckllng will usuaIIy have the
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DESIGN PROCEDURE - —

P P "\“- o~

The vérification of the saFety of members sub;ect to bendlng and
axial-force is made in two steps: ==

_D- ‘verification of the“resistance ef;cross SeCtIOHSv,
.3- verification of the member. buckhncyresstance (in general
1 geyerned -by flexural or Iateral tor5|onal buckllng)

EI-Cross section re5|stance
For Class 1,2&3 cross sectlons -Clause 6 2 of BS EN 1993 1-1

—

| =+ y'Ed:.Jr =& 1 conservati\fze approaeh—-*

Negg, I\/IyEd'; and MZ £d are the applied 1eads and moments
NRol M g4 and MZ i’ are the aX|aI and bendmg reS|stantes

P

P

e

L Mot
e’ ?
-

e

J - Pl W
'ﬂ; an o A s e

e

——— ) el LS



D- CI‘OSS‘SECtIOI‘I I‘ESIStaI‘ICE

A more economic solutlon is to use Clause 6. 2 9 1(2) of BS EN 1993-
1- 1 whlch states: ¥

IVIEd <- IVIN Rd ,--.Ij:".'__':;'-:-':-

I\/I an is the de5|gn plastlc moment of resistance aIIowmg for the
| -presence of the axial force N, . /

For doubly symmetric I- and H- sectlons ((SMALL NEd))
The effect of axial Ioad on reducmg the moment capacity can be

IGNORD IF

Mom—e:n'taboutfthe y-y axis

Moment about the z-z axis

St

—

NEd <0 25Npl R
05ht f,

Ed S ,
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Q- Crossﬂ—sectlon resistance: & N
“ForClass 1 & 2 Cross- sectlons (Large NEd)

5 MEd = N Rd _,,‘.'ff?-'-'-‘“"" &
roIIed or welded I or: H sectlons A

N - " Mn,y, Rd M1y Rd, (1 n)/ ( 1 0 53) <M,,, Rg;_’.,

| N =Ngg /Nyrg ™ n<j M - M
a—(A—thf)/A<()5 _’ N;zRd — pl,z,Rd

> am—-My o = Mp.sz{l (8L

Recta ngular Hollow _Welded Box |~ RS
> sections - sections Y

- (A2DOASO5 oo = (A2EYASOS T
af - (A th)/A < 0 5 ds _é—};(A'thw )/A < 05 _
>~ | %

.

ﬁ IVIN de pIde (1 n)/(l 0 5aw) _f pIyR
IVINsz pIsz (1 n)/(]f 0. 5aj) - pI z,Rd

R




Q- Crossﬂ—sectlon resistance: & N
“ForClass 1 & 2 cross- sectlons (Large NEd)

Clrcular Hollow Secttons MEd < N Rd _f,—_%_“;:.il-‘-‘-** &

o~ P P

D = Neg / N rd ,, MN,Rd = Mpird (1 n ) < Mpl Rd

."/— N

n= NEd / Npl Rd IVIN Rd = pl Rd (1 - n%) s Mpl Rd r

Bl-aX|aI bending and aX|aI force,the N+ M, + M mteractlon

o a /s B _.:i'__‘_ \ Nod
& { ™ y Ed :|+ [ M. e } <17 L&

~ Sections - Lo & | &P

Rectafigular Solid sections o A s \

oy

2 Lo H sectiorls A2 AT L7 5>l
3 - circular hollow Ty T T ) &
N rectangular hollow ""1 66/(1 1 13/72) <6 1.66/(1-1.13r7) <6

M nyra @Nd My o, are the reduced plastlcmoments resistances evaluated as
previously déscribed.




| O- Cross-section resistance: e

For Class 3 Cross- sectlons A 2\
maX|mum longitudinal stress due to moment and aX|aI force

O xEd= fy/ Tmo tak|ng account of fastener hoIes where relevant >

: -'FOI‘ Class 4 Cross-sect|ons A A
- maximum longltudlnal stress dle to moment and aX|aI force caIcuIated
usmg the effective cross sectlons ‘ I

taklng account of fastener hoIes where relevant
N _|_I\/lyEd_|_NEde I\/led_I_NEdeNz

_ A\;ff y/yl\/lo eff ,y,min y/7/MO ,_____"Weff z,min y/}/MO

Ags IS the effective area of the Cross- sectlon When subjected to unlform
---iiili;fcompre35|on N A A
~iIsthe effectlve section modulus (correspondlng to the fibre with: the
maximum elastic stress) of, the Cross- sectlon when subjected only to
& moment about the relevant axis ’ R

| éN IS the sh1ft of the relevant centrmdai axis when the cross+ sectlon IS
subjected to compression

=.'J...‘:‘E'1 idydUil-fialldk

<1



a- Member reS|stance

The |nstab|I|ty of a member of doubly symmetrlc éross section,
not susceptible to dlstortlonal deformations, and subject. to
bending and axial compression,.can be due to erxuraI buckling
Lor to lateral torsional bucklmg Therefore clause 6.3. 3(1)

| con5|derstwo distinct situations:

V- members not susceptlble to torS|onaI deformatlon such as
members of circularhollow section or other sections
restrained from torsmn Here flexural buckllng IS the reIevant
}instability mode & -

v'- members that are susceptlble to tor5|ona| deformatlons such —
as members of open section (I or H sectlons) that are not
restrained from torsion. Here, lateral tor5|onal buckllng tends to
be the reIevant |nstab|I|ty mode "

St

——————————————DinGlidyath-rallak



0- Member resistance- -
NEd -I—K IVlyEd"'ANI K__..-MZEd +A|V|

= <1 A(6 61)
ZyN Rk /7/M1 Zu Yy Rk /7/M1 / z RK /7/|v|1 o~
Nee MyEd+AIVI 5K MZEd+AM

1 Rk/7|v|1 ZXZ yRk/7/1\7|1 : sz/;[Ml
/VEd/ gzand M . es@re the design values’of the axial compreSSIOn force
and the maX|mum bendlng moments anng the member about yand z
respectlvely,

AM,r,and AM, ., are the moments due to the shlft of the centr9|dal
axis on a reduced effective class4 cross section;: N
\ X, and x, are the reduction factors due to erxuraI buckllng about yand
z, respectively, evaluated according to-clause 6.3.1 of EN/1993-1-1: 2005
X ris the reduction factor due to lateral-torsional buckling, evaluated::
according to clause 6.3.2 of EN 1993-1-1: 2005 (X.7=-1.0 for members
that are not susceptlble to torsional deformatlon), | :
k k., k, and.k,; are interaction factors that depend on the relevant
| |nstab|I|ty and plastloty phenomena, obtained through Annex A (Method

1) or Annex-B(Method 2);

—_

yz

4 <1 A (6 62)



EI- Member reS|stance

: Table 6.7: ‘Values fur Ngrk = fllr A. M. Rk = fx,r W. and AM; eq

Class P} 20 03 A 4 N
A YA A AT As,
W, | oW W ] W | Wen
wz_ i Wl | Wol- o Wl = W,
~AM. £4 0 0. 0 | “ven.Ngg

Safe (maximum) values for interaction factors -~

Interaction factor " ~"~Class 1 and 2 Class 3

kyy - 1.BCW-:-:- -- & | R 6Cimy
X :‘:FE y 0.6k; e P
Kz 5 28Cm: 1.6Chs

Conservatively and for simpli¢ity interaction factors Kij=1
—‘:]-ﬁ-r\vr—\i.- - r'““'

e WM/I\.-J'\_-Ju ot : LA




EI- Member resistance:-

Table B.3: Equivalent umfunn moment factnrs Cn |n Tables B. 1 and B.2

Co andC and.C, )
. Moment diagram ~_range : =Ll —1
7 g I - o~ uniform loading | concentrated load N &
M 1<w< o £ >
LN 0<a. <1 | -1gsy<1 02+ 080,204 0.2+ 0,8¢.= 0.4
rlﬂll ty - M — ™ Bl
s AWMy N N N .o
> 0Zw<l 20,1- 0,80, =04 0,80, 204
— - 1<a, <01 > .
o, = MM, S 1<y <04 01(1-y) - 0,80 204~ 0.2(-y) - 0,80 > 0.4
g yMy, | 0<opsl | -1sy<T 0,95+ 0,050, < 0,90 +010ay
M, M . —— :
CE L O0=w=1l 0,95 + 0,050, 0,90+ 0,100
- "';1 Cop<0 ——= R
o, =M /M, 1N <y<0 | 095+0 056(14+2) 0,90-0,1004,(1+2y) |-
For members with sway bllel‘lJlE’ lﬂﬂdf: the equivalent Llﬂlfﬂl‘ﬂl moment facmr should be taken Cyy = CLQ u::r
Cy = 0,9 respectively. . . Ty S
Coay 7 Caz and Cyr 7 should be ﬂbtamed acrm‘dmg to the bendmg mnment dlB.ETHlIl between the relev aﬂt
bmced ponts as follows: - ~
" moment factor be_n_d_ij_ig axis  points braced in du‘ectmn S
gmrr' Yy Dzz “ hogging moment ---- negatlve
- Z-Z P < & Y.
CorT y-y C ii WS\ sagglng moment +++ p03|t|ve.
— ekl




a- Member reS|stance

Accordmg to The Instltutlon of Structural Engmeers “Manual for
the design of steelwork bwldlng structures to Eurocode: 32010

If the column is subJect to moments: other than from beam eccentr|c1ty
the following expressions can be used: -

1 For cIass I ‘and H<sections (susceptlble to Iateral tor5|onal bucklmg)

Neg.~ M g M

+ + sz z,Ed _‘“: . 78 for class 1. aﬂd 2 and 0.85 for
Xmin (Af ) xr(Wyhya) W,y - class 3and 4.

FOr RHS sections (not susceptlble to lateral tor5|onal buckllng)

X Neg M’y Ed Mzea,
rr1|r‘|"ﬂ”C +Cmy W f ' C_.mz W f

The |nteract|on limits: of 0.85 and O 78 are mmlmum vatues and apply at
a partlcular axial load. The var|at|on of the I|m|ts with applied Ioad can
be seen in the followmg Figure. 3

- Cmy and sz are uniform mement factors taken from tableB. 3

=.'J...‘:‘E'1 idydUil-fialldk



a- Member reS|stance -

Accordmg to The Institutic on of Structural Engmeers“ManuaI for
the e[é5|gn of steelwork bwldlng structures to Eurocode 3” 2010

~ Interaction limit ’

N
. ,d-\\ y

P T i
."-‘-. P bl S, s,
£ P
O P AN o
1 Tl | ] - P

e

\ ---- Class 3 | and H/Sections and RHS )
~\ Class 1 and 2 | and H sections

0 01 ~02 03 04°5°05 06> 07 408 09 105
Axial InaMbuchg resistance L A ) A"

i
{

S/arlatlon of mteractlon ﬁmlt with axial load -

\'\.r




>- Example 1 & N
Consu:ler column A-B 504 G

that:supports a steel J 1 | ] 1 [ 1 ST e ssimofodum A9
cantilever B-C, P Iy O -
‘fepresented in Flgure ﬁ@ :
1 The column is fixed at <N ™ A LJ
section-A; while the top |, = G (RS s
sectioh-(B) is free to ~
rotate, but restrained .
from horizontal %) &
displacements in both IS Hot-finished

AR A rectangular hollow

| directions;-The column |~ - Sasn section structure

p—

has a rectangular = - T &

et

hollew section RHS: 200x150x8 mm in S 355 steel (E 210 GPa
and G = 81 GPa).-Assuming that the indicated Ioadlng iS already
_nfactored for ULS verify the column accordlng to EN 1993 1-1:

1 2005. o= - /N

o .
, & p—
P ' A

rl: ﬂ,w:!l“ jr‘w;
o " - -



67.5 KN.m

~

i) Internal

P




>- Example 1

™ " -y P T

ii) Ver’ fication of the crass section res:stance

Classification of the crass sectlon res:stance e
RHS200x150x8 mm /- P P

A= 52.8 cn?, W,,, =359 cn?, W,,, —-’297 cnr, f 297&6/774 = 75C/77
W, .= 294 cm3 We,z =253 cm3, I = 1890 cm‘J‘w = 5. 99““cm

| 7-=3640007 ,Tw=398cm3, C,/t=22; C/t=158. e=(235/f,)05= (235/355)65 =0.81

For a member subjected to varying bendlng and compressmn “the class
of the cross section may vary along the member. TN
In thls example, a simplified approach is adopted, whereby the class of
the cross section is verJﬁed for the most unfavourable 5|tuat|on
~(Compressed section iny) J o

o S P,

| Table 5. 2. IﬂEN 1993— 1-1: 2005 » ,;':_3:._2"*'— N

r r T

c/t=  (b-3t)/t (200 3x8)/8 22 < 33;{(33 X 0.81) = 26 73 (Class’*-'?i)

The, cross section |sclass 1in compressmn and can be treated asa ~class 1
cross section for any other combmatlon of, stresses

Y 7

o




|- Example 1

ii) Verification of the cross sectlon res:stance
Ma]or axis bending res:stance

Moiyra =Wo £/ 7o 359X10%%355/1= 127.45kN.m

Y Bending res:stance about the V axis, combmed with the ax:al
force:

the C”t'cal cross section (top.of the column), |
NEa’ ~ 965 0 kN and M, e = 67 5 kN. m- I
> MN de pl de (1 n)/(l — 0. 5aw) < pI yRd _
la, = (A- 2bt)/A (5280 2x150x8)/5280 0.55> 0.5 b a; 20.50

N = Ngy / NIDI ra= Neg / (Af/yMl) 965x103/(5280x355/1) 0.51
MNyR:d--': 127.45 (1 —0:51)/(1 - 0. 5x0.5)=83 27kN M. MIDIde
Myyra = 83.27kN. m> 67.5kN.m= MyEd 0. K

Shear Verlflcatlon From clause 6.2. 6(3)

,=A h/(b+h)=5280x200/(150+200)=3017.1mm2
Vpl,Rd FHTnxy/3)=3017.1x355/(1x \/3)=618. 4kN>VEd—16 okN OK
e —— ) i s et e ]




>- Example 1

ii) Verification of the cross sectlon res:stance
Shear verification: |

Veg=16.9kN<0.5V,, Rd—309. 2kN low shear No, reductlon to bendlng
resistance.

Y Shear buckling of the web, accordlng to cIause 6 2 6(6), with n = 1

| 1./t = (200 -3x8)/8=22.0 <72/ n="58.32 No shear buckllng
verﬁcatlon is required o X S
1)) Verlflcatlon of the stablllty of the member .

class 1 section, y,; = 1. O for members that are not suSceptlbIe to
torsmnal deformatlon AR |

A e £ I L BT (6~ 61)
N_R__R_._‘__/ Vw1 X LtM y Rk / Vw1 N b,y_,_R'cii_"_;-u Mpl y.Rd
’JN Ed - My < 1:> Neg + K M < 1(6 -62)

Rk /7/M1 S y Rk /7/M1 /27b,zRd pLyRd

S

-.=..'A‘a'{':'1 ddyduli-fdllak



|- Example 1 -
lii) Verlflcatlon of the stablllty of the member

Major and minor axis. column bucklmg res:stances

Eﬁ‘iect/ ve lengths:
“Plane xz (buckling about y) in pIane
LEy = 0.7x6=4.2m-"- .-
B Eyfl 4.2 1
9398 75><102 939><081

A, =

/71

PIane xy(buckhng about z):out. of pIan

LEZ—085><60—51m
_ Ez/I

9398

A, =

_i 2 S
21 "R

From. Table 6.2 of EN 1993 A= 1 For a het-rolled CHS, use: buckllng curve a

a=0.21
___¢1 osbmz -02)+7, J |

14 =0 5[1+o 21><(o 74~ o 2)+o 747]=0.83

B [083+Jo 832 0. 742J

=0.83

beRd %, A f, /1y =0: 83x5280x355/1.0
—1556x103N 1556KN> N, =965kN

> 1 !
/ o
H - -
\
Tl

0=0.21 N
¢, = 05h+a;t 02+/1J

¢ 05[1+021><(112 02)+112] 1.22

= 1y
_[122+J1222—1 122]”

059

szRd_ %, AT /yMl—O 59X5280X355/1 0
—’1106X103N 1106kN > NEd =965kN

Jimbaliaydiil.Fdllak



|- Example 1 : -
1)) Verlﬁcatlon of the stablllty of the member

<1 A(6 61)

I\Ib,y,Rd LR M pl, y Rd

N = +K 7y y Ed <1 A (6 - 62) ___",":.'_
The interaction factors &, and: k can be’ obtamed using:

1- Conservatlve method k k f10

%65 £1.0.90° g 15>1 0 NOT OK
1556 127, 45" __

il "1".0 o727y, 4>1 0 NOT OK & &
1106~ 127.45° " __

2- Safe (maximum)- method 3
Table on slide 14 &, =1.8 C,, , kzy-'—l 0: :
“Table B.3 y= 338/675 -0.5 5°°C, —06+04(05) 0.4 338kNm

k, =1.8 C,/=1.8x0.4=0.72, ’kzy—1o S

—————— —— — — __[I-Ghayath-} J:ML




>- Example 1 e < & &
iii) Verlflcatlan of the stablllty of thé member

2- Site (maximum) method: & 5 o
X5 072575

| . <t 01)1.0 NOT ok &5 &
1556 127457 PG

= +h 5_ SIS 41.0 N OT OK
1106 - 127.45

3- Method 1 in the code Annex A:
N M JT— 3643 cm* > I,= 2971 cm?, the.member
: Ed
+k,, - ds‘not susceptlble to torsional deformatlon
Xy Nzx [V ZLI Ma \RE /J’Ml
959 +0. 3’9 TS5 Hesseition e
. 83}{1 872.6/1.0" 7______:,1-__.ﬂx12?.4,’1 0 o o~

_

e E “

Ed +k., 2.Ed = s o P
XN [ Va1 .Z'LI 4”\ Rk /?’Ml '
L 9650 - 67.5°
L= -—+0.40

=1.09>’i_.0 Not OK A

o

—— 1+ 0. 40X
0.59 X1872.6/1.0 1.{};:,_1_?;/4;1{] RS




>- Example 1
iii) Verification of the stablllty of the member &
4- Method 2 in the codexAn nexB: &

ki =053k = 0. &

L

T 965.0 < 615 - 5 N
1 : +0.53% — —0 9<1. o OK 5
0.83 X1872/6/1.0 771.0x127.4/1.0 N

=0.87<1.0 OK SN A
0. 59 X1 872, 6/1.0 A A

.IV) Verlﬁcatlon of the stablllty of the member usmg The
Instltutlon of Structural Engmeers Manual ~

M, eq M eq o ﬁ~
XminATyg HCm W Wyl +Cme Ty zfyd S 089 ___JT;';':_-"-J " A
P _"Cmy—o 6+0. 4( 0-5) 0.4 " , /% r

-

o - B P .
. " o A

e

=

'/—- S
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>- Exa mple 1 g
iv) Venflcatlon of the stablllty of the member usmg The
Insf' tution of Structural Engmeers Manual o>

;,_:_ I |-* I | A )
v .,

\" PS¢ - Class 3l and H Sections’ ahd RHS AR L
- —Glassi 1 and 2 | andH sectmns

=
=}

eraction limit
LY

Y 7
w O w
=N

=
o

.l'

0.85

¢ 0.80 S
_xj": "' &

~075 &, L L
S0 o 02, 03 Y04 05 06 07 08 g9 KO

Axial load/buckling.resistance

S Ay e RVs

Xrmin Nge /7/%1‘ ' XLt y,R’R /7|v|1 ;
95 94570 =& 08)0. 94 NOT OK &

1106~  127.45




>- Example 2

An H- sectlon member of Iength 4.2 mis. to be de5|gned as a ground -floor
column in a multi-storey building. The frame is moment. re5|st|ng in-plane
and braced out-of-plane. “The column‘is sub]ected to major axis bending
due to horizontal foreces and minor:axis bending due:to eccentric loading
{from the floor beams. From the structural analysis, the design action
effects arise in the column are shown in the Figure below. Assess the
swtablllty of a hot-rolled 305 x305 X 240 H-section in grade 5275 steel
for thIS appllcat|on

‘B M4 =420 kN m Migg'=110kN m

A | & \ f

~Negg=3440kN .~ M,gq=—420kNm Myea =0

¥

e —— ) e €t 1] 8



> - Example 2
Section properties

305x 305 x 240 H-sectlon " -'
h=:352.5mm, b= 3184 mm, t,= 230mm l;— 377mm r= 152mm
A= 30 600 mm?, /= 642.0 x 106 mm?*, /= 203.1 x106 mm4, [,=145mm,
i=81.5mm, L= 12171 x 106 mm?, [ = 5. 03>< 1012mmé, U=0. 854

| l/l/el = 3 643 000 mm?3, W, , =1 276 OOO mms3, W = 4247000 mm3
Wy, =1 951 000 mm3 N

From EN 10025-2 for 16mm<tf<40mm — f— 265 N/mm2

Crass-sectlon cIass:ﬁcatlon ( clause 5.5.2)
€= \/(235/ y)= \/(235/265) 0.94.<

{ Outstand flanges (Table 5.2, sheet 2): y
¢ = (b <%, - 2r)/2'= 132.5 mm Ne &

C/t: = 132 5/37.7 = 3:51 ' L8

Limit for Class 1 flange =9¢e=8. 46

8.46 > 3.51; flanges are Class 1~ -

_,\Neb mternal compression part (Table 5 2 sheet 1):

1 c,=h-2t- 2F = 246.7 mm - :

C /t = 24677/23.0 = 10.73

=.'L"_‘inf l=Fdllak




»>- Example 2 o = -
Cross-Sectlon classlﬁcaaon (clause 5.5.2) ;f‘i'ff’
Limit“for Class 1 web = 33 € = 31.02 5 ; ;_’iéi_ir?" /_3_:?; o
31.02 > 10.73 ; web is Class 1 P & ﬁ
_”I' he overall cross- -section cIaSS|f|cat|on iS therefore Cfass 1. ::_;'»
\ Compress:on res:stance of cmss-sectlan {clause 6.2.4)
3 Rd—A £/ Vo = [(30600x265)/1. 0]x10 3= 8109kN>3440kN <
Cross section reS|stance is OK A 5
Bendlng resistance of crass-sectlon (i clause 6' 2 5 ) &
Ma]or (y-y) axis _,':iiﬁ} ﬁ > P
{ Maximum  bending moment - M eq = 420.0 JgN m o5
MoLy.ret: —~Wp|y /’yMO 4,247x103x265/1f—1125 46kN m>420kN m OK
Minor (z—z) axis - H\\ - o~
Maximum bendlng oment Mg = 11(3@) KN m’™ }{.5-":-"
'Mplsz Wy f;,,ﬁyMO 1951 x163x265/17517 02kN.m>110kN, M oK

/ -\\v_ : N




>- Example 2
Shear resistance of cross-sectlon ( clause 6 2. 6’)

Load parallel to web
Maximum shear force N
Vg =My Mpogzom)/L= 840/4.2 = 200kN o

| For a rolled H-section, loaded parallel to the web, .

A=A- 2|:5tf + (t, +2r)tf (but not less than N h,, t,), n
h,= (h=2t)= 352.5 - (2x3%47)=277,1. mm :
A =-30 600 - (2 x 318.4x.37.7) +. (230+ [2 x 15. 2])x377
/= 8606 mm2 (but notless than1.0 x 277.1 x 23.0 = 6373 mm2)

..\_gp],Rd £,/ (Ymox\/3)=8606x265/(1x v/3)=1316.7kN>V,=200kN OK

1 Veg=200kN<O0. 5Vpl Rd‘-658 35kN low shear NQ reductlon te bendlng
resistance. . o _

/—.

Load' paraIIeI to flanges o
Maximum shear force™ Vg4 = 110/4 2 26.2 kN . >
No guidance on the determination of the shear area for a rolled. I ‘or H-
‘section loaded Pparallel to the flanges is presented in EN 1993-1-1.

1 adopting the recommendatlons prowded for a welded I- or H- section
would be acceptable. N

=ﬂ."_‘1ﬂf fidlldis

_



|- Example 2 % - N
Shear resistance of cross-sectlon (i clause 6 2. 6)

Load parallel to fIanges ~
Ai=A-Y (h,t,) = 30 600 — (277, 1 X 23 0)= 24 227 mm2

v, Rd—AWf/(yMOX\/B) 24277%265/(1x V3)=3707kN5Veg=26.2kN or<

1 Veg=26. 2kN<0 5Vp, rg=1853.5kN. " low shear No reductlon to bendlng
reS|sta nce o~ o

Shear buckll ng AN

h,/t, < 72€/ N for unstlffened webs ..

‘n= 1.0, Actual h,/t, —277 1/23 0=12.0 <72 E/ n 677 no shear

1 buckling check reqwred i
Cross-section res:stance under bendmg, shear and ax:al farce

(clause 6.2.10) " . o~ e

Since; Vg < 0.5Vpq for both axes, and shear buckllng is not a concern
(see above). Therefore, the cross sectlon need only be checked for
‘bending and aXIaI force. ' :

-.=..'A‘a'{':'1 ddyduli-fdllak



>- Example 2

Cross-section res:stan_ e under bendln shear ana'_ __ax:al force
(clause 6.2.10) ’

No reduction to the ma]or axis plastlc re5|stance moment due to the

‘effect of axial force is required when both of the foIIowmg cr|ter|a are
| satisfied: < > <) -

N gy <O 25 N ol Rd —0. 25Npl rg = O. 25 X 8415 = 210_4 kN<3440kN
. Not satlsfled | /

osnt,f,
N < 05><277 1><023 0 265 " SN

VMo 844, 46kN<3440kN Not satlsfled

Therefore aIIowance for the effect of- aX|aI force on the ma]or axis >
pIastrc moment re5|stance of the cross -section’ must be made. 3

S

=ﬂ.{?i’1 ddydUil.alldk



>- Example 2

Cross-section resistance under bena‘ln shear ana'_ __ax:al force
(clause 6.2.10) ‘ . S ~

No- reduction to the mlnor axis plastrc re5|stance moment due to the. -
_,'effect of axial force is-required when the foIIowmg crrterlon IS SatISerd

h t e |
Ng <— 277 1 23.0 265 = 1689 kN(3440 kN not SatISerd

7 M O N
Therefore allowance for the ef'fect of aX|aI force on the mlnor axis
plastlc moment reS|stance of the cross -section must: be made. -

‘Reduced plastic mament reslstances ( clause 6.2.9.1(. 5))
"Major (y=y) axis: B
n= NEd/ N re —3440/ 8109 0. 42 - -

o -2t i < 0 - [30600: (2X318 37 7)]/30600 0.22

___'JMNde plngr(l n)/(l -0. 53) = pIyRcL
— Mn.yRrd = 1125X (1 -0. 42)/(1 -0.5x0. 22) =733kN.m>420kN.m= M OK

=ﬂ.}":" ddydUhla: l’.w;



> - Example 2 f_
Reduced plastic moment res:stances ( clause 6‘ 2 9 1(5) )
Mmor (z—z) axis: = >

A= "Negg / Ny rg —3440/ 8109 0. 42

| i'a = (A-thf )/A <0. 5 a=[30600- (2x318 4x37 7)]/30600 0.22

n=-a —’ Myzra = Mpiz, Rd{]- [(n a)/ (1 a)] ) F
MNsz = 517.0x{1-[(O. 42 0 22)/(1 ) 22)] V= 483KN. m>110kN n oK

---Cross-sectlan check for bl-aXIaI bending (i WIth reduced nmoment
f—-—res:stance_) & 5 A
{ M—Y'Ed } J{ M = } <1 '
’ M, ¥ Rd M r\rz Rd
For I- and H- sectlons o= 2 and ,B— 5n (but ,6’> 1) = (5 x 0. 42) = 2 12

[420} [110} =0, 37 <1 OK

733 483

=ﬂ."_‘1ﬂ ydUi=Fdllaks
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For buckling about the

ma]or (y—y) axis: <.

Plane xz (buckling about »): Z

LEy = 0.7x4.2=2.94m "
B Eyﬁy 2.9 1

y_zl '93.9¢ 14.5x10° 2 0. 9x094

steel) use buckling curve .

b, 0=0.34

—05h+aﬂ 02+/1J
¢—05[1+034><(023 02)+023] 0.53
1 S
[053+J0532 023

beRd %, A f, /=0 99x30600x265/1.0

0.99

OK

From-Table 6.2 of EN 1993-1¢ 1 “For a h0t-ro||ed H-section (Wlth h/b

—8028x103N_ 8028 kN> Ng, =3440 kN |-

Member buckling res:stance in campressmn (c clause 6 3.1)

For buckllng about the _
minor (z-2) axis: >

Plane xy (buckling about z)
LEZ— 1.0x 4.2 = 42m

Z A _Leo /i L., /i, 058 &
A 9B9e
1.2, S275

¢ 0=049

g = 05b.+05/1 02+,1J __
g = 05[1+049><(058 02)+058] 0.76

_[076+x/0762 058J
No s ra= %, A f, /v =O0. 80x30600x265/1 0

—6487X103N 6487 kN> Ng, =3440 kN
OK

080

.=.'A‘a"':'1 ddyduli-fdllak



»- Example 2 . - N ~
Member buckling res:stance in bendmg (i clause 6.3. 2)

The 4; 2 m column is unsupported along: its Iength with notorsmnal or ~-
Iateral restraints. Equal:and oppositedesign end moments of 420 kN m
are applied about the‘major axis. The full Iength of the column W|II
{ therefore be checked for lateral, tor5|onal buckllng— ~ -

e =L G 7

4 =-420/420 -1. 0 :> \/16 = O 60 U=0.854, At —81 5mm,~[3W =
D=1.0 (Norma') "if-"'l?'f"’ e —— L |

+1.00 | 1.00 | 1.

+0.75 | 0.92.|1"

] D +0.50 | 0.86.° 1.
AR +0.25 | 0.:80 | 1.
NS 0.00"| 0:75 | 1.
-0.25_| 0.71 | 2.
-0:50" | 0.67 | 2.
~0.75 | 0.63 | 2.
~~1.00 | 0.60 | 2.

~KUi, _1><4200/81 5-515 G
Z ;ﬂ / ﬂl 51.5 / (93 9 x 0. 94) O 58 M ||||||||||||||||IIIIIII|||||||||m
VU !

N O 7 o
20{"h/t, 201\ 352.5/37.7 /
Jlmaldydth




»- Example 2 N o & e
Member buckling res:stance in bendmg (i clause 6.3. 2)

~ Aur =0.60 %0. 854 x0.79x1.0x0. 58 x1.0= O 24 &
ALT < ﬂaLT o =0. 4 r

| 'Hence Iateral tor5|onal buckllng effects may be |gnored (clause |

Lateral torsional buckllng reS|stance

Mde = X 1 OX 4247 X 103 X % _ 1125 x 106 N mm

T N~

M o 420 Jis 0 37 <10, GK ,r

My 1125 0L




>- Example 2
Member buckling res:stance in cambmed bendmg and axial

compressmn (clause 6 3..3)

NEd + Kyy L VEd + Ky z,Ed 1 (6 61) 64
NRk/j/'V'l __-"_ZLtMy,Rk/yl_vll - Msz/7/M1
Ne ) Myea M

& 4K, + KZZ <1 A '(6‘— 6_2”’)
2. Nao/ Vs y?( yRk/7/M1 sz/7/|v|1 ol
Xy —0 99, %, =0.80, N, = Af 30600X265 8109X103 N= 8109|(N, ’YMl_l 0
M, i =Wy f,= 4247X103X265 1125 46kN.m
' Mz,Rk Wpl,z f,= 1951 X103X265 517.02kN.m .

1- Conservative metho__d_—kyy =k,, kzz k —1__,0._

S 410, 22  "+1.0 M9 _yo1>1 NOT OK
(0.99x8109)/1.0 "~ (1.0x1125)/1.0 ~ 517/1.0
~_ sy 10 g0 M _g1051 NOT oK

I +1.0 ~ 0
(0.8x8109 )/1:0 T (1.0x1125)/1.0 f' 7 517/1.0
—_:L.a:)/zuu-u - r,‘l:

-



>- Example 2 - N
Member buckling res:stance in cambmed bendmg and axial

compression (clause 6 3..3) > > N

M, gg= 420 kN m . "Moment diﬂg@ram ~ © range it

2- Safe (maximum) method “Safe {rr_n_a:_;i_rhum} ‘“’3.',”‘_1-;5 for interaction tattﬁfs

.?ConSIderlng y-y bendlng interaction factor- = Class 1 and ;_ "
¥ and in- plane supports: < ' -

kwh 1 Scmsr
Table B, 3 Y=420/-420=-1.0 —- *,2 f-n 6kgz

cmy:o 6+0.4(-1.0) =0.220. 45_» o 5 A
C =0.4 ot _.
N kzz £ e 7 i-_'-' 2.4Cy; -

~ Table B.a:-_-.--Eﬁuivaler_\t_:ﬁr’i_ifurm moment fgn;:t:_-_drhs Cm in Tablfé's' B.1 and B.2

_ and{? _and Cp 1 _ N
1m1f{:-n:|1 luadmg , concentrated lo:

\ M I\I‘l’ ¥ 1< wil < 06+04y2 04 5 |

\ moment fs_l_gl_:_c-:i bending axis - -_-ﬁdints braced i direction

M, g = =420 kN 1

Coe zz ¥y P
Cair yy Y-y

l-GHdydth-Fallak




>- Example 2 - N
Member buckling res:stance in cambmed bendmg and axial

compression (clause 6.3.3) e ~ N
2 Safe (maximum) method “Safe {rr_n_a:_;i_rhum} ‘“’3.',”‘_1-;5 for interaction factors

~Considering z-z bendlng and Interaction factor~ "~ Class 1 and z
in- plane supports ) = -

C=06+0.4(0) =0.620.4 <% 4 St
CmZ—O 6 o T oy

Mg = 110 kN m kzz 7 — ' _ -____-_-': 2.4Cm; I -—--_. =

Table B. 3 Equwalent unlfnrm moment factors Cnin Tables E 1 and B. 2

- _ A umfnnn lﬂadmg | CDﬂCEﬂtmted load

Mygg =0 o = o~
A WM 1< 1|.|,|r < 1 25 __U,ﬁ 04y =04 e

moment factor~ bending axis points braced iii-direction G
Cy |~ o z-z~
Ce zz A Y
CulLT - J- _ ~t ‘ L

SISOy AUl




>- Example 2

Member buckling res:stance in cambmed bendmg and axial
compression (clause 6.3.3)

2- Safe (maximum) method A A
| =18c, =1 8x0.4=0.72, k,, —1_._055,-*/(22 =24C, _2 4x0 6=1.44 k,, —_o 6 kzz
¥ =0.6x1. 44 O 86 A~ N '
--3440 v072 20 g0 __g 88<1 OK
(0.99x8109 )10 (1.0x1125)/1.0 517/1.0
&0 3440 +1.0 420 4144 110 _..;1 21> 1 NOT OK
§(0.8x8109)1.0 ~ (1.0x1125)/1.0 517 /1

_

=q.ﬂ..‘..":'1 ddydUil.alldk



»>- Example 2 N - &
Member buckling res:stance in cambmed bendmg and axial

compression (i clause 6 3.3)

3 Method 1 Annex A:~ & AT &
| k=074 k—Fz: 049 kp=043  ky=133

WhJCh EWES fﬂr Eqﬂﬂnﬂn {ﬁ ﬁ ! ) __f ;
043+0.28+0.10=081 {n 81<1.0 . acceptable)

...-j_-};ra-nd, for equation {ﬁﬁ?}, s o8 -
05340.16+0.15=085 ©0$5<1 l} ﬂccept:atble}




|- Example 2 o v | o
Member buckling reslstance in combmed benm and axial

compressmn (clause 6.3 3)
4-'Method 2 Annex B: |
k, =0.41, k, =0.79 /K, =0.78, K, _0 47

Mot g M g M

x,rNka'r;;;;;- > XLTMy,kaTMl 7_ ;_ka'rm

(6.61)

~ 099 x 8109)/1 ﬂ+ﬂ41 : {1 o 1125 fl n”"r" X m- 043+n 15+0.10

Fory ’F - =068
Y 068<10 . equation(6.61) s safisfied
2SI S L DR i S BN (682
XENR]J Wl xvrM :r-Rk-}'_’thMI M sz_f ’}"Ml ,_.'_j_-.. o

_

: 3440 420.0° 110.0°
(nsnxsmg,fm*ﬂ?g (10 1125;1;; ngm-nﬁwaﬁwn

— _ 1-[} r—_,--"—’--
1.0<1.0 & ffj'ﬂﬂfmn (6.62) is- satlsﬁed N

=.'L"_@Df“‘ Fdllai



»- Example 2 ~ S R _
Member buckling res:stance in combmed bena'mg and axial

campressmn (clause 6.3 3)

Verification of the stablllty of the member usmg T he Instltutlan
’ of Structural Engineers Manual- 4

N Ed M\_.r Ed M z,Ed
+ +C < 0.78 for class 1 and 2
Xmm (Afya) — xr (W fyd) | W fyd

Table83 w=0/110= o—> C. —06+04(0) 06>04—~> C. —06

No2ra= X, A fy__/___y]-\'_.,-,i:0.80x3-.0600x265/1.0=’6jjf}:87 kN

- f"N'E'd _ 30 =0. 53 from the Graph = In_téféétim Limit = 0.80 ..--:."_i.i_j-"ﬂ'-"""
Ny, 6487 S

U i N Ed. + M Y—’Ed: + C M, B <080 d
me —~Rk/7/M1 Zu yRk/7/|v|1 Mz,Rk/yMl "

—_—



»- Example 2

-~

o

Member buckling res:stance in combmed benm and ax:al

compressmn (clause 6.3 3)

Verification of the stablllty of the member usmg T he Instltutlon

’-af Structural Engmeers Manua[

= o

Y

/- E 1.00

e 1 I I

0.95

Interaction li

__:-;ﬁ.'ﬁﬁ

R

.- Class 3 | and H Sections.and RHS | | .7

—Class 1 and 2 | and Hségtions /[~

0.904>=

. -
- -
-
. -
Pk I
F .
s -
T
e
- - -
F ul :

- A

N

(9
S,
o~
F i
o *a
= -
Y -

0 01 02 03
Axial Inadmuc@i@"fesistance

oo 110

~(0.8x8109 )1,1_.{_)5F (1.0x1125 )41:.0*+

0.6
517/1.0

04.- 05 06 07 08

-—103 0.8 NOT GK

09"

1.0



